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METHOD OF DESIGNING A CIRCUIT OF A SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of manufacturing 
5 a circuit of a semiconductor device, and more particularly, to 
a method of designing an integrated circuit for a LSI device. 
The method of designing the integrated circuit is disclosed, 
for example, USP 6,054,872. 

When a part of logic in a circuit design is changed after 
10 a semiconductor was manufactured, a conductive layer layout 
should be re-designed and an old conductive pattern layer layout 
would be replaced with the re-designed one. Such replacement 
has a following merits in comparison with all layer replacement . 
1. A cost of mask re-manufacturing is low. 
15 2. A time of mask re-manufacturing is short. 

However, the above method includes many manual operations . 
Further, a scale of the logic change is small in the above method. 

SUMMARY OF THE INVENTION 
2 0 The present invention may provide a data processing 

apparatus which can effectively utilize an arithmetic 

processability and a memory capacity. 

In a method of designing a circuit layout of a semiconductor 

integrated circuit according to the present invention, a logic 
25 function of the integrated circuit is first designed. Then, a 
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pattern layout of the integrated circuit is designed. The 
designed pattern layout includes a logic cell area and an open 
area. Next, a spare underground cell is inserted into the open 
area . The spare underground cell includes a functional element . 
5 A mask layout of the integrated circuit is then designed. The 
designed mask layout includes the logic cell and the spare 
underground cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a plain view showing a spare cell for an inverter; 

Fig. 2 is a plain view showing a spare underground cell 
for an inverter; 

Fig. 3 is a flow chart showing a procedure for inserting 
the spare underground cell in a LSI design process; 
15 Fig. 4 is a flow chart showing a detailed procedure for 

inserting the spare underground cell in a LSI design process; 

Fig. 5 is a plain view of the pattern layout divided into 
the block regions; 

Fig. 6 shows an example of the layout pattern including 
20 the open areas and logic cell disposition areas; 

Fig. 7 is a flow chart showing a procedure for changing 
a circuit design of the LSI in the LSI design process; 

Fig. 8 shows an example layout pattern; and 

Fig. 9 shows a new layout pattern. 

25 
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DETAILED DESCRIPTION OF THE INVENTION 

Now, an embodiment of the present invention will be 
described with reference to the drawings. Incidentally, the 
drawings illustrate the invention merely schematically to the 
5 extent that it can be understood. Besides, throughout the 
drawings, the same reference numerals are assigned to common 
constituents, which shall not be described repeatedly. 

The LSI circuit includes functional circuit cells and spare 
cells. The spare cells have no functional elements. However, 

10 when a part of logic in a circuit design is changed with a single 
conductive pattern layer layout re-design after a semiconductor 
device was manufactured, spare cells should be required. The 
spare cells are included in a logic net list. The net list is 
used in an automatic pattern layout. 

15 It is hard to estimate a number of the spare cells required 

for the logic change. If a large number of the spare cells are 
included in the semiconductor circuit, a layout area of the 
semiconductor circuit becomes large. In contrast, if a small 
number of the spare cells are included in the semiconductor 

2 0 circuit, the logic change may not be performed. A number of 
the spare cells and an ability of the logic change has a tread-off 
relationship . 

In the present invention, the spare cells are provided 
in an underground layer. 
2 5 Fig . 1 is a plain view showing a spare cell for an inverter . 
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The spare cell 10 includes a gate electrode 12, aP type diffusion 
area 14, an N type diffusion area 16, a Vdd supply conductive 
pattern 18, a Vss supply conductive pattern 20, interconnect 
patterns 22, 24 and 2 6 and contacts 30, 32, 34 and 36. The spare 
5 cell 10 works as an inverter cell when the gate electrode 12 
and conductive pattern 26 are electrically connected to receive 
signals . 

Fig. 2 is a plain view showing a spare underground cell 
for an inverter of the present invention. The spare underground 

10 cell is removed interconnect patterns and contacts from the spare 
cells. Therefore, the spare underground cell for the inverter 
40 includes the gate electrode 12, the P type diffusion area 
14, theN type diffusion area 16 , the Vdd supply conduct ive pattern 
18 and the Vss supply conductive pattern 20. In the present 

15 embodiment, the spare underground cell for the inverter is 
disclosed. However, the other spare underground cells can be 
used for the present invention . For example , a spare underground 
cell for a transistor, a spare underground cell for a NAND gate, 
and a spare underground cell for a NOR gate could be applicable 

20 for the present invention. 

Fig. 3 is a flow chart showing a procedure for inserting 
the spare underground cell in a LSI design process. First, 
"LOGIC DESIGN 50" is performed. The logic design means a design 
for a circuit diagram of a semiconductor device . Next , a pattern 

2 5 layout of the semiconductor device is conducted based on the 
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circuit diagram as "LAYOUT DESIGN 52" . The pattern layout 
includes an open area as mentioned above. Then, the spare 
underground cell is inserted into the open area of the pattern 
layout as described "INSERT SPARE UNDERGROUND CELL 54" . Since 
5 the spare underground cell is inserted into the open area of 
the pattern layout, the pattern layout is modified. Finally, 
a photolithographic mask pattern is designed based on the 
modified pattern layout as "MASK DESIGN 56" . 

The following table 1 shows a sample list of the spare 
10 underground cells. 

Table 1 
DFF 20 
INV 50 
15 NOR 4 0 
NAND 4 0 
EOR 2 0 
LAT 2 0 

In the table 1, symbols of DFF, INV, NOR, NAND, EOR and 
20 LAT mean spare underground cells for a D flip-flop, an inverter, 
a NOR circuit, a NAND circuit an exclusive OR circuit and a latch 
circuit, respectively. Numbers next to the symbols in the table 
1 show how many spare underground cells should be inserted in 
the pattern layout. Base on the above list, for example, the 
25 spare underground cells are disposed on the open area of the 
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pattern layout. 

Then, a first embodiment of the present invention will 
be described with reference to Figs. 4-6. 

Fig. 4 is a flow chart showing a detailed procedure of 
5 the first embodiment of the present invention for inserting the 
spare underground cell in a LSI design process. 

First, a pattern layout is divided into block regions 101 . 
Fig. 5 is a plain view of the pattern layout divided into the 
block regions i to xii. The block division is for spreading 
10 the spare underground cells into every block. A procedure 
sequence of the blocks are described as roman numerals of the 
blocks . 

Next, an open area is searched within the pattern layout 
103. Fig. 6 shows an example of* the layout pattern including 
15 the open areas and logic cell disposition areas. In Fig. 6, 
the open areas are shown as white regions and the logic cell 
disposition areas show are shown as hatched areas. 

Then, the open areas are distributed into the block regions 
105. The open areas in the block regions are sorted by 
20 coordinates X, Y. In this step, some block regions, open areas 
and spare underground cells are attended. Such attended block 
regions , attended open areas and attended spare underground cell s 
are set to initial values . 

Whether the attended spare underground cell is inserted 
25 into the attended open area in a specific block region is checked 
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107. When a width of the attended spare underground cell is 
grater than that of the attended open area, the attended spare 
underground cell can be inserted into the attended open area. 
In such case, the procedure proceeds to a step 109, otherwise, 
5 proceeds to a step 111. 

In a renewal of the attended open area 111 , another attended 
spare underground cell and another attended open area within 
the specific block region are designated as new spare underground 
cell and new attended open area. 
10 Then, whether all of the open areas within the specific 

block region are checked 113. When one of the open areas is 
not checked, then the procedure returns to the step 107 , otherwise, 
proceeds to a step 115 . 

In a renewal of the block region 115, another block region 
15 is designated as new block region. 

Next, whether all of the block region are checked 117. 
When one of the block regions is not checked, then the procedure 
returns to the step 107, otherwise, proceeds to a step 119. 

In a flag set step 119 , a flag is set to the spare underground 
2 0 cell that cannot be inserted into the open area. Therefore, 
the flag shows that no more spare underground cell is inserted 
into the block divisions. 

Then, it is determined whether the flags are set to all 
of the spare underground cells 121. If the flags are set to 
25 all of the spare underground cells, the procedure is finished 
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123 . 

Otherwise, no flag set spare underground cell is designated 
as new spare underground cell 125 and the procedure is returned 
to the step 107. 

5 When the attended spare underground cell can be inserted 

into the attended open area, such insertion is conducted 109. 
From the attended open area, the inserted spare underground cell 
is deleted. A number of the spare underground cells within a 
spare underground cell list is decreased. 

10 Then, a number of the inserted the spare underground cells 

is checked 127. If the number of the inserted the spare 
underground cells is not reached to the number of the list, the 
procedure is returned to the step 107. 

Otherwise, another spare underground cell is designated 

15 as new spare underground cell 129 and the procedure is returned 
to the step 107. 

As explained above, the spare underground cells are 
inserted in the open areas after logic cells are disposed within 
the pattern layout. Therefore, spare underground cells are 

20 automatically inserted into the open areas as much as possible 
without any effect of a size of the pattern layout. That is, 
an insertion of the spare underground cells are possible without 
any large scale circuit layout change. 

Further, the pattern layout is divided into the block 

2 5 regions . Each of the block regions has spare underground cells . 
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Therefore, a circuit layout change has occurred after the mask 
layout was finished, a single conductive layer should be changed 
for the total pattern layout. 

Now, a second embodiment of the present invention will 
5 be described with reference to Figs. 7-10. 

Fig. 7 is a flow chart showing a procedure of the second 
embodiment of the present invention for changing a circuit design 
of the LSI in the LSI design process. 

First, a hypothetical disposition 701 shown in Fig. 7 is 

10 explained. An intended circuit layout for changing a circuit 
design is provided as shown in Fig. 8. Fig. 8 is an example 
layout pattern of the second embodiment of the present invention . 
In Fig. 8, the dark pattern areas show the functional circuit 
cells. The functional cell TLATX2 is located in the right upper 

15 side . The light pattern areas show the underground spare cells . 
Eachof the spare underground cells is designatedas INVX2_SPARE , 
BUFX2_SPARE and TLATX2_SPARE . 

Then, all of the underground spare cells and the functional 
cell TLATX2 is removed from the circuit layout. The remaining 

20 circuit layout is stored as new net list. Next, an additional 
cell INVX2 is inserted in the new circuit layout as shown in 
Fig. 9. In this addition, all of the disposed cells are kept 
in the previous position. Further, the additional cell INVX2 
is disposed in the best position for the automatic pattern layout . 

25 Next, a changed cell list for changed circuit layout is 
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prepared (703) . In this step, the new net list for changed 
circuit layout and the net list for unchanged circuit layout 
is compared. From the comparison, a list of cells (circuit layout 
changing cell list ) including an additional cell and a changed 
5 cell is prepared. 

Then, the disposition for the changing cell is fixed (705) . 
In the hypothetical disposition 701, the changing cell is 
temporally disposed. However, when the circuit layout change 
is conducted by changing the conductive pattern layer, the 

10 temporal disposition can not be used. Therefore, a spare 

underground cell for an intended changing cell is selected. In 
this selection, the nearest spare underground cell from the 
temporally disposed intended changing cell is selected. Then, 
the intended changing cell is removed and the nearest spare 

15 underground cell is provided for the intended changing cell. 
The pattern of the conductive pattern layer of the nearest spare 
underground cell is prepared so as to have a function of the 
intended changing cell. The removed cell is replaced with a 
spare underground cell having equal function of the nearest spare 

20 underground cell. 

In the next step 707, a completion of the disposition for 
the nearest spare underground cell is confirmed. If the 
disposition is not conducted, the circuit layout is in error 
(NO) . 

25 If the disposition is conducted (YES in the step 707) , 
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then, it is checked whether all of changing cells are replaced 
(709) . If the changing cell is remained (NO) , the remaining 
changing cell becomes the intended changing cell and the 
procedure is returned to the step 705 . 
5 When all of the changing cells are replaced with the spare 

underground cells (YES in the step 709) , an automatic pattern 
layout is conducted (711) . 

Finally, a mask is designed (713) for manufacturing a a 
semiconductor integrated device. 

10 As explained above, the circuit layout change is 

conducted by a pattern change of the conductive pattern layer 
with replacing cells only in the second embodiment. Further, 
an additional cell or a replaced cell are utilized from 
underground spare cells having the nearest position at which 

15 an automatic layout tool is positioned when the circuit layout 
change is conducted. Therefore, a length of the conductive 
pattern is reduced and an efficiency of a layout is improved. 
Furthermore, since a deleted cell is replaced with an underground 
spare cell having the same function, the circuit layout change 

20 can be conducted by changing a conductive pattern layout. The 
deleted cell can be utilized for the underground spare cell. 
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